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Surprisal analysis is applied to the very forward electron scattering data on He, for which the
three-body theory fails to explain the excitation function. This discrepancy is often attributed to
higher momentum components in the wave function of 'He. An explicit expression for the final
state densities including the nucleon and pion degrees of freedom is proposed. The present surprisal
analysis succeeds in reproducing the experimental data without calling upon higher momentum
components and suggests that even in the so-called quasielastic scattering region, not only nucleons
but also a considerable number of pions are emitted in electron scattering.
The electron scattering experiment on ~He at 8,=8'
(Ref. 1) has introduced to us a very interesting problem.
Quasifree scattering calculations based on the precise
wave function obtained by solving the Faddeev equation
fail to reproduce the measured excitation functions, espe-
cially on the low energy side of the quasielastic peak. '
This discrepancy can be remedied by multiplying the Fad-
deev spectral function S(k,E) by a phenomenological
function f(k), where
f(k) =1+(k/285 MeV/c)i',
which enhances the high momentum components. This
typical feature is also explained in terms of the y-scaling
phenomenon. Although all the experimental data scale,
for a wide incident electron energy range of 0.5—14.69
GeV, and the Faddeev results also scale in y, the theoreti-
cal values always underestimate the experimental results. '
The same data have been extensively considered and
reanalyzed by many authors. i Among them Ciofi degli
Attic pointed out that the disagreement between experi-
ment and theory should not be ascribed only to a lack of
high momentum components in the spectral function of
the three-body system, but to its removal energy depen-
dence as well. This statement is su ported by the coin-
cidence experiment at low k and E, where the introduc-
tion of a factor like f(k) in the spectral function would
result in poor agreement between experiment and theory.
Another completely different explanation has been
given by Pirner and Vary. They have utilized the new
concept of the quark bag, and have determined the proba-
bility distribution of three-, six-, and nine-quark bags by
fitting the theoretical predictions to the experimental
structure functions. Their results successfully explain the
experimental behavior and claimed that there is a signifi-
cant contribution from the six- and nine-quark bags in the
inclusive electron scattering cross sections.
Very recently Laget dealt explicitly with many-body
effects in iHe. He considered all of (1) pion electropro-
duction, (2) one-nucleon exchange, (3) meson exchange, (4)
final state interaction, and (5) the np exchange amplitudes
in his calculation. Concerning the low energy side of the
quasielastic peak, he concludes that besides the standard
Faddeev response function, the effects of two-nucleon and
three-nucleon reseat tering play very important roles.
Quasielastic electron scattering has long been regarded
as a very simple one-nucleon knockout reaction process.
Only recently several difficulties have been pointed out in
this simple picture, " and the process now is considered
to be more complicated than before. For example, Hori-
kawa et al. have quantitatively shown, by using the
Gro:n's function method, that about half of the process is
due to more complex excitations than single particle-hole
excitation in the target nuclei. Their method, however, re-
quires tremendous numerical calculations.
As stated by Schroeder and Huizenga, '2 "A convenient
way to discover from experimental data what the most
important constraints are, employs an information-
theoretical analysis scheme, briefiy termed 'surprisal
analysis'. " Surprisal analysis' ' is a powerful tool to
identify the most important constraints in the correspond-
ing process. %e have already applied this method to in-
clusive electron scattering, '6 and have successfully shown
that a very simple fitting procedure can reproduce the ex-
perimental data, and can extract information concerning
the complexity of the process.
The linear surprisal is defined as
(2)
where o is the measured cross section, oo is an a priori
level distribution or "the prior distribution, " A,
&
is a
Lagrange multiplier for the constraint on (E), and Ao en-
sures proper normalization.
For the prior distribution, we will estimate explicitly
the state density including the nucleon and pion degrees of
33 275 Qc1986 The AnMrican Physical Society
YOSHIYUKI KA%AZOE AND TATSUO TSUKAMOTO 33
freedom. The final state density is assumed to be a sum
of two components, corresponding to the two peaks ob-








where n and n are the numbers of pions which contri-
bute to the final states in the so-called "quasielastic" and
"iL" peak regions, respectively. Each density is approxi-
mately taken as a sum of nonrelativistic pN" and ultra-




where Mz is the sum of the rest masses of all particles in
the final state.
The explicit form of the nonrelativistic state density is
deduced as follows. First the trivial expression
(10)
For the ultrarelativistic state density, neglecting the rest
masses of particles, with the expressions
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is introduced, where the box normalization of size L is
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where M„=—m~+m2+ +m„, is used to obtain the
p2 "(E,O) as












Ee=7 26 Ge V
~ n ~ eo
where p2 —m i m 2/(m i +m 2 ).
This procedure is repeated to obtain the expression
0.5
E~= I 4.69 G
l.o
3N





Ck =2ir(2@k ) 8 —, —33 3k2'2
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8 is the beta function, and pk —Mk &mk/Mk.
The final closed form is, explicitly,
FIG. 1. The best fitted curves obtained by the present
surprisal analysis together with the experimental data (Ref. 1).
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TABLE I. The estimated number of pions emitted in the
quasielastic scattering region and in the delta region. Errors are
estimated by the I' distribution at the 68% confidence level (as-
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a similar procedure gives us the final closed form
' 35
21Th
vR 3n —3 (Sir)
(3n —2)! n (13)
A least squares fitting procedure is performed by vary
ing the six parameters, ig, A,i, Q, A, i, n, and n
The two constraints Q and Q merely correspond to the
proper normalizations for the quasielastic and h, peaks in
the inclusive electron scattering cross sections. The con-
straints A, ~ and A, & have a close relationship to the most
probable energies' ' of the two peaks. Although the
values of these four constraints do not provide further
physically interesting information, the remaining two pa-
rameters n and n provide us with nontrivial informa-
tion concerning the numbers of pions contributing to the
nuclear excitation.
Three examples of the curves best fitted to the experi-
mental data' are shown in Fig. 1. The values of n and
n obtained are tabulated in Table I. We stress the fol-
lowing three noteworthy points. First is a remarkably
good fit to the experimental data in the entire energy re-
gion. Especially the low energy side of the quasielastic
peak, which could not be reproduced by three-body theory
within the impulse approximation, is nicely fitted by our
analysis. Second is that our very simple fitting procedure
is able to draw important information concerning the
number of pions which contribute to the process. From
the values in Table I, we conclude that even in the so-
called "quasielastic" peak region, a considerable number
of pions are emitted in electron scattering. Lastly, we
have found out in this study that we could not fit the two
peaks separately; the two parameters n and n are
strongly correlated. In other words, the quasielastic peak
and the delta peak are closely related to each other. This
observation suggests that the traditional methods of the
data analysis, which treat the two peaks independently,
are defective.
Usually theoretical studies mainly deal carefully only
with the initial state, and treat the final state simply as a
plane wave or at most a distorted wave in an optical po-
tential, in the analysis of quasielastic electron scattering.
The success of the present statistical treatment indicates
that the behavior of the final state is essential to the
analysis.
The present assumption for the prior distribution is, of
course, much too simplified. To be more realistic, we
should take other possible degrees of freedom contributing
to the final state density into account. On the other hand,
to distinguish between the different explanations already
given in the literature and by the present analysis,
coincidence electron scattering experiments such as
(e,e'Nm } or (e,e'NN) are extremely desirable.
To summarize, in the present paper, the method of
surprisal analysis with a new state density expression is
applied to the very forward electron scattering data on
He, and the number of pions emitted in the process is es-
timated to be considerable, even in the quasielastic scatter-
ing region.
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